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3UREOHPVROXWLRQ
,W¶V REYLRXV WKDW DOO PHQWLRQHG DERYHPRWRUL]DWLRQ SUREOHPV FDQQRW EH HOLPLQDWHG FRPSOHWHO\ 7KHUHIRUH LW¶V
QHFHVVDU\WRGHYHORSVRPHHIIHFWLYHPHDVXUHVUHGXFLQJWKHLUQHJDWLYHLPSDFWRQFLW\HQYLURQPHQW
7KHUHDUHWKUHHZD\VWRVROYHVXFKSUREOHPV
x KHDY\ FDSLWDO LQYHVWPHQWV ±PHWKRG EDVHG RQ UHFRQVWUXFWLRQ DQG FRQVWUXFWLRQ RI KLJKZD\V DQG URDGVZLWK
JUDGHVHSDUDWHG LQWHUVHFWLRQV 6XFKPHWKRG VKRUWFRPLQJ LV LWV UHDOL]DWLRQ FRPSOH[LW\ LQ FRQGLWLRQV RI FLW\
561
x PLGGOHFDSLWDOLQYHVWPHQWV±PHWKRGEDVHGRQUHFRQVWUXFWLRQRIH[LVWLQJ5616XFKPHWKRGVKRUWFRPLQJVDUH
VLPLODUWRWKHILUVWPHWKRGLHWKHFRPSOH[LWLHVFRQFHUQHGZLWKH[LVWLQJGHYHORSPHQWRIFLW\
x ORZFDSLWDOLQYHVWPHQWV±EDVHGRQPHWKRGRIWUDIILFRUJDQL]DWLRQ72
7KHPRVW HFRQRPLFDOO\ HIIHFWLYHZD\ LQ FXUUHQW FRQGLWLRQV LV UHDOL]DWLRQ RIPHDVXUHV GLUHFWHG RI URDG WUDIILF
PDQDJHPHQWDQGRUJDQL]DWLRQLHWKHWUDIILFRSWLPL]DWLRQRQFLW\561RI8NUDLQH
7KHLGHDRIVXFKDSSURDFKLVWRVROYHWKHSUREOHPZLWKRXWFKDQJHVLQFXUUHQWFLW\GHYHORSPHQWDQGREVHUYLQJWKH
PD[LPXPVDIHW\OHYHO
0HWKRGVRIWUDIILFRUJDQL]DWLRQDUHUHDOL]HGE\XVLQJWHFKQLFDOPHDQVRIWUDIILFRUJDQL]DWLRQ7072
0HWKRGVRIWUDIILFRUJDQL]DWLRQDUHWKHPRVWHIIHFWLYHDSSURDFK7KHUHDUHVHYHQPHWKRGVRIWUDIILFRUJDQL]DWLRQ
ZLWKLQFLW\WHUULWRU\5HLWVHQ6WHSDQFKXN
x RQHZD\WUDIILF
x VHOIUHJXODWLQJWUDIILF
x XQUHJXODWHGWUDIILFZLWKURDGVLJQV
x LVRODWHGWUDIILFOLJKWGLUHFWLRQ
x JUHHQWLPHRQKLJKZD\
x V\VWHPFRQWUROE\XVLQJDXWRPDWHGWUDIILFFRQWUROV\VWHP$7&6
x GLVWULEXWLQJFRQWUROV\VWHPRIJUDGHVHSDUDWHGLQWHUFKDQJHWUDIILF
7KHPRVWHIIHFWLYHRQHIURPRXUSRLQWRIYLHZLVWUDIILFPDQDJHPHQWE\PHDQVRI$7&67KHLPSRUWDQWSODFHLQ
WKH JHQHUDO SUREOHP PHQWLRQHG DERYH RFFXSLHV WKH LPSOHPHQWDWLRQ RI DXWRPDWHG WUDIILF FRQWURO V\VWHPV DQG
DXWRPDWHGGLVSDWFKLQJV\VWHPV$'6EDVHGRQPRGHUQPHDQVRIDXWRPDWLFVDQGFRPSXWHUHQJLQHHULQJ
$XWRPDWHG WUDIILF FRQWURO V\VWHPV RSHUDWH LQ  FLWLHV RI 8NUDLQH .\LY 'QLSURSHWURYVN .KDUNLY 'RQHWVN
2GHVVD=DSRUL]KLD=KLWRPLU/XJDQVN0\NROD\LY.KPHOQ\WVNL\3ROWDYD&KHUNDVV\0DULXSLO
7KHPDLQSXUSRVHRI$7&6LPSOHPHQWDWLRQLVWRLQFUHDVHWKHHIIHFWLYHQHVVRIFLW\URDGVWUHHWQHWZRUNRSHUDWLRQ
ZLWKRXWVLJQLILFDQWFDSLWDOLQYHVWPHQWV
1RZDGD\V$7&6LV WKHPRVWSHUIHFWFRPSOH[RI WHFKQLFDOGHYLFHVDQGVRIWZDUHZKLFKVKRUWHQVPD[LPDOO\ WKH
SRVVLEOHWLPHRIWUDIILFGHOD\VDQGLQFUHDVHVWKHKLJKZD\FDSDFLW\DQGURDGVDIHW\
%XW QRZDGD\V VWUXFWXUH RI WUDIILF PDQDJHPHQW LV WKH RXWGDWHG RQH DQG QRW DEOH WR LQIOXHQFH WKH SURFHVVHV
FDXVLQJWUDIILFMDPV2IWUDIILFOLJKWREMHFWVRSHUDWLQJLQ.\LYWRGD\RQO\DUHFRQQHFWHGWRH[LVWLQJ
$7&6
7KHH[SHUWVVWDWH WKDWSURSHU OHYHORI WUDIILFPDQDJHPHQWUHTXLUHV±RI WUDIILF OLJKWREMHFWVFRQQHFWHG WR
$7&6%XWH[LVWLQJ$7&6LVRXWRIGDWHPRUDOO\DQGSK\VLFDOO\6WHSDQFKXN%LHOLDW\QVN\L([LVWLQJ$7&6
LV SULPLWLYH SURWRW\SHRIPRGHUQ V\VWHPV DQG WKHUHIRUH FDQ¶W UHVSRQGRQWKHIO\ RQWR FKDQJHV RI WUDIILF LQWHQVLW\
ZKLFKXVXDOO\GLIIHUIURPWKHGHVLJQWUDIILFLQWHQVLW\
7R RYHUFRPH WKH VXFK SUREOHP LW¶V UHTXLUHG WR VROYH WKH FRPSOH[ RI VFLHQWLILF WHFKQRORJLFDO WHFKQLFDO DQG
RUJDQL]DWLRQDO WDVNV GHDOLQJ ZLWK GHVLJQLQJ FRQVWUXFWLRQ DQG RUJDQL]DWLRQ RI $7&6 RSHUDWLRQ 2UJDQL]DWLRQ RI
WUDIILFPDQDJHPHQWVKRXOGEHUHDOL]HGRQWKHEDVHRIWUDIILFIORZPRGHOLQJPHWKRGV
7KHHVSHFLDOO\ LPSRUWDQWTXHVWLRQ LQPRGHUQFRQGLWLRQV LV WKHRQHFRQFHUQHGZLWK LPSURYLQJPHWKRGVGHDOLQJ
ZLWK SUHGLFWLRQ DQG SODQQLQJ RI WUDQVSRUW V\VWHP GHYHORSPHQW LQFOXGLQJ DOO TXHVWLRQV RI LWV RZQ LQIUDVWUXFWXUH
GHYHORSPHQW 7KH JUHDW LPSRUWDQFH LQ WKLV ZD\ LV GHYHORSPHQW RI FRPSOH[ HYDOXDWLRQ WHFKQLTXH RI VWUHHWURDG
QHWZRUNVWDWHLQFLWLHVDVZHOODVWKHWUDIILFRUJDQL]DWLRQV\VWHP
,WGHSHQGVILUVWRIDOOIURPH[LVWLQJVWDWHRIWUDIILFPDQDJHPHQWLQWUDQVSRUWGLVWULFWRIFLW\$QDO\VLVRIVWUHHWURDG
QHWZRUN DV JHRPHWULFDO REMHFW LV QHFHVVDU\ WR GHYHORS UDWLRQDOPHDVXUHV IRU LPSURYHPHQW RI WUDIILFPDQDJHPHQW
VWDWHRQ561
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7KHUH LV FXUUHQWO\ QR XQLIRUP PHWKRG ZKLFK HQDEOHV WR GHILQH VXEGLVWULFWV RQ WKH EDVH RI FULWHULD LQVXULQJ
RSWLPDO WUDIILFIORZPDQDJHPHQW7RREWDLQTXDOLWDWLYHLQIRUPDWLRQDERXWVL]HRIFLW\ WUDIILFIORZV LW¶VQHFHVVDU\
ILUVWRIDOOWRVWUXFWXUHWKHFLW\WHUULWRU\
,WLVNQRZQWKDWIRUPDWLRQRIDQ\WHUULWRULDOV\VWHPDQGVWUXFWXUHGHVFULELQJWKHWUDIILFQHWZRUNPDWUL[DUHEDVHG
RQGHWHUPLQLQJVRPHVHWRIYHUWH[5LKWHU
MR ^OO«Op`  
7KHHOHPHQWVRIWKLVVHWUHSUHVHQWWKHWHUULWRULDOXQLWVZKHUHFHUWDLQWUDIILFVWDUWVRUHQGV6XFKWHUULWRULDOXQLWVDUH
FRQVLGHUHG DV HQGSRLQWV RI WUDQVSRUW REMHFWVZKHQ WKH\ FKDQJH WKHLU VSDWLDO DQG WLPH ORFDWLRQ/HW¶V FRQVLGHU WKH
WUDIILFOLQNVPDWUL[+ZKLFKHOHPHQWVDUHGHWHUPLQHGLQIROORZLQJZD\
hij ZKHQGLUHFWOLQNIURPYHUWH[OiWRYHUWH[OjH[LVWV
hij LIQRW
,W¶VREYLRXVWKDWPDWUL[ɇLVVTXDUHPDWUL[ZLWKHOHPHQWVHTXDOHLWKHURU7UDIILFQHWZRUNVDQGWKHLUPDWULFHV
FDQRIGLIIHUHQWVWUXFWXUHV)RULQVWDQFHWKHVHW
Ɇɨ = ^ɈɈ Ɉ Ɉ` FRQWDLQLQJ IRXU YHUWH[HV FDQ GHWHUPLQH WKH IROORZLQJ W\SHV RI WUDIILF QHWZRUN DQG
FRUUHVSRQGLQJPDWULFHV)LJ
7KHVSHFLILHGDERYHWUDIILFQHWZRUNVPDWUL[FRLQFLGHVZLWKYHUWH[PDWUL[RIRULHQWHGJUDSKFRQVLGHULQJLQJUDSK
WKHRU\2ULHQWHGJUDSKVUHSUHVHQWHGRQ)LJ±FRUUHVSRQGWRWUDIILFQHWZRUNDQGWUDIILFQHWZRUNVPDWUL[
/HW¶V H[DPLQH VRPH QHWZRUN DQG LWV RULHQWHG JUDSK KDYLQJ VHW RI YHUWLFHVU DQG VHW RI DUFVS 7KHUH DUH WKH
IROORZLQJUHODWLRQVEHWZHHQHOHPHQWVRIQHWZRUNDQGJUDSK

1HWZRUN *UDSK
9HUWH[ 9HUWH[
/LQN $UF

0DWUL[LVWKHUHSUHVHQWDWLRQRIFHUWDLQUHDOWUDIILFQHWZRUNRULQRWKHUZRUGVLWLVDKLJKDEVWUDFWLRQGHJUHHPRGHO
RIWUDIILFQHWZRUN
'LIIHUHQWWUDIILFQHWZRUNPRGHOVFRUUHVSRQGWRGLIIHUHQWDEVWUDFWLRQGHJUHHV
FRUUHVSRQGVWRUHDOWUDIILFQHWZRUN
FRUUHVSRQGVWRJHRJUDSKLFDOPDS
FRUUHVSRQGVWRPDSRIQHWZRUNKLJKZD\VUDLOZD\V
FRUUHVSRQGVWRJUDSKPDWKHPDWLFDOPRGHO
FRUUHVSRQGVWRPDWUL[PDWKHPDWLFDOPRGHO
2Q WKH H[DPSOH RI 3HUH\DVODY.KHNQ\WVN\L FLW\ RI .\LY UHJLRQ ZH SURSRVH WKH WHFKQLTXH RI LWV WHUULWRU\
VWUXFWXULQJE\XVLQJ WKHJUDSK WKHRU\HOHPHQWV WR LQVXUH WKHSRVVLELOLW\RI LWVVHSDUDWHVXEGLVWULFWVPRGHOOLQJ LQD
IXWXUH)RUWKLVSXUSRVHZHPRGHOWKHFHOOXODUSDUWLWLRQSURFHGXUHRIFLW\WHUULWRU\/XNDQLQ%XVODHY7URILPHQNR
<DVK\Q
$QDO\VLV RI561FKDUDFWHULVWLFV LQ VHSDUDWH GLVWULFWV DUHSHUIRUPHG WR UHYHDO ³WURXEOH VSRWV´ LQ WKHZKROH FLW\
5617KHWUDIILFPDQDJHPHQWLVPRUHH[SHGLHQWIRU561ZLWKKLJKHVWFKDUDFWHULVWLFV7KHUHIRUHILUVWOHW¶VGHVFULEH
WKHSURFHGXUHRIGLYLGLQJ561LQWRSDUWV7KHWHUULWRU\GLYLGLQJFDQEHSHUIRUPHGE\DIHZPHWKRGV
2XUPHWKRG LV EDVHGRQ FHQWHUHGELQDU\GLVWULEXWLRQ WKDW HQDEOHV HPEHGGLQJRI HYHU\QH[W OHYHO LQWRSUHYLRXV
RQH7KDWDOORZVWR
x FRPSDUHWKHFKDUDFWHULVWLFVRIZKROHVTXDUHZLWKFKDUDFWHULVWLFVRILWVFRPSRQHQWV
x ILQG WKHDSSURSULDWH OHYHORIVTXDUHVL]HGHFUHDVHGXULQJGLYLGLQJ WKH WHUULWRU\ LH ILQG WKH  VXFK WKUHVKROG
ZKHQFKDUDFWHULVWLFVRIVTXDUHEHFRPHDOPRVWFRQVWDQWDQGLQGHSHQGHQWIURP561JHRPHWU\

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$V LW ZDV PHQWLRQHG DERYH WKH 3HUH\DVODY.KHNQ\WVN\L WHUULWRU\ ZDV GLYLGHG LQWR  VTXDUHV PHDVXULQJ
îNPHDFKLHDUHDRIHDFKVTXDUHDFFRXQWVIRUNP)LJ7UDQVSRUWLQWHUFKDQJHVRIILUVWVHFRQGDQG
WKLUGFODVVZHUHQXPEHUHG7KHWRWDOTXDQWLW\RIWUDQVSRUWLQWHUFKDQJHVDFFRXQWHGIRU7KHILUVWFODVVRIWUDQVSRUW
LQWHUFKDQJHFRUUHVSRQGVWRLQWHUVHFWLRQRIJHQHUDOFLW\DUWHULDOVURDGVEHWZHHQHDFKRWKHUWKHVHFRQGFODVVFRUUHVSRQGV
WRLQWHUVHFWLRQRIJHQHUDOFLW\DUWHULDOVURDGVZLWKGLVWULFWDUWHULDOVURDGVDQGWKLUGFODVVFRUUHVSRQGVWRLQWHUVHFWLRQRI
GLVWULFWDUWHULDOVURDGVEHWZHHQHDFKRWKHU
2ULHQWHGJUDSKZDVEXLOWLQDFFRUGDQFHZLWKWUDQVSRUWLQWHUFKDQJHVIRXQGDERYH)LJ
5LEVRIWKHJUDSKFDQFRQWDLQGLIIHUHQWLQIRUPDWLRQVXFKDVDOORZHGWUDIILFGLUHFWLRQVQXPEHURIWUDIILFODQHVLQHDFK
GLUHFWLRQWKHPRVWWUDIILFDFFLGHQWSDUWVRQURDGVHWF
7R REWDLQ SRVVLELOLW\ RI IXUWKHU PRGHOOLQJ RI 561 WUDIILF ZLWKLQ HDFK VTXDUH LW¶V UDWLRQDO WR GLYLGH WKH FLW\
WHUULWRU\ LQWR VHSDUDWH VXEGLVWULFWVZLWKPLQLPDO QXPEHU RI H[WHUQDO OLQNV 7KHQ LI YDOXH RI LQSXW WUDIILF IORZ LV
NQRZQDQGLWVGLVWULEXWLRQZLWKLQHYHU\LQWHUQDOLQWHUFKDQJHLVVSHFLILHGWUDIILFPRGHOOLQJLVSRVVLEOH

ɪ.
 Ⱥ
ɥɶ
ɬ
ɚ
ɪ.
 Ɍ
ɪɭ
ɛɿ
ɠ







, ,, ,,, ,9 9
9, 9,, 9,,, ,; ;
;, ;9
;9, ;9,,








 











 




 








 





 









)LJ'LYLGLQJRI3HUH\DVODY+PHOQ\WVN\WHUULWRU\LQWRVTXDUHV
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7RVROYHVXFKW\SHWDVNVWKHJUDSKWKHRU\6WHSDQFKXNHWDOLQWURGXFHVVRPHQXPHULFDOFKDUDFWHULVWLFV
HQDEOLQJWRGHVFULEHWKHIROORZLQJTXDOLWDWLYHFKDUDFWHULVWLFVRIQHWZRUN
x UHOLDELOLW\
x VWDELOLW\
x DFFHVVLELOLW\RIQHWZRUNZLWKPLQLPDOWUDIILFGHQVLW\
x DFFHVVLELOLW\RIQHWZRUNZLWKPD[LPDOWUDIILFGHQVLW\


)LJ'LUHFWHGJUDSKRI3HUH\DVODY+PHOQ\WVN\L561
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0HWKRGVRIQHWZRUNRSWLPL]DWLRQWDNLQJLQWRDFFRXQWWKHURDGFRQGLWLRQVFDQEHSURSRVHGRQEDVHRIDQDO\VLVRI
WKHVHTXDOLWDWLYHFKDUDFWHULVWLFV
7KH SODQQLQJ561 OD\RXW RI SUDFWLFDOO\ DQ\ FLW\ FDQ EH GLYLGHG LQWR FHUWDLQ VWUXFWXUHV VTXDUHV ZLWK  RU 
H[WHUQDOHQWUDQFHV7KDWLVUHSUHVHQWHGRQWKHH[DPSOHRI3HUH\DVODY+PHOQ\WVN\LFLW\<RXFDQVHHWKDWVTXDUH,ɏ
)LJFRQWDLQVVXEGLVWULFWV)LJ
8VLQJ WKH WHFKQLTXHRI561PRGHOOLQJDQGGLYLGLQJFLW\ LQWRSODQQLQJ WUDIILF HOHPHQWV ZKHQDQ\FLW\FDQEH
GLYLGHG LQWR³0´VHSDUDWHGLVWULFWV WKHDUHDQHFHVVDU\ IRU WUDIILF DQGSDUNLQJYHKLFOHV FDQEHGHWHUPLQHGE\ WKH
IRUPXOD5HLWVHQ.DGGDNK6WHSDQFKXNHWDO
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
ZKHUHSciLVWKHDUHDQHFHVVDU\IRUWUDIILFDQGSDUNLQJRIYHKLFOHVZLWKLQWUDIILFIORZqciȱɿLVDYHUDJHWUDIILFGLVWDQFH
RIVLQJOHYHKLFOHLQVXEGLVWULFWɿȝLVWKHLQYHUVHYDOXHRIDYHUDJHLGOHWLPHIRUVLQJOHYHKLFOH

 
 )LJ6TXDUHȱɏ )LJ'LYLGLQJRIDFHUWDLQVTXDUHLQWRVXEGLVWULFWV
,QDGGLWLRQWRIORZRIYHKLFOHVZLWKGHVWLQDWLRQSRLQWORFDWHGLQVXEGLVWULFW iqci WKHUHDUHWZRPRUHIORZVRI
YHKLFOHVLQVXEGLVWULFWi2QHRIWKHPLVDIORZRIYHKLFOHVZLWKVWDUWSRLQWLQDJLYHQVXEGLVWULFWi7KHDQRWKHURQH
LVWKHWUDQVLWIORZRIYHKLFOHVGULYLQJWKURXJKVXEGLVWULFWi WRDQRWKHUVXEGLVWULFWV
qbiUHSUHVHQWVWKHVXPRIWKHVHWZRPHQWLRQHGDERYHWUDIILFIORZV
7KHDUHDSbiQHFHVVDU\IRUWUDIILFRIqbiIORZVFDQEHFDOFXODWHGE\WKHIRUPXOD
bi
i
bi qC
PWIS     
7KHIROORZLQJLQHTXDOLW\VKRXOGEHREVHUYHGDVZHOO
A6 SSS bici   
ZKHUHSLVWRWDODUHDRIGLVWULFWSALVDSDUWRIGLVWULFWDUHDZKHUHGLIIHUHQWEXLOGLQJVDQGLQVWDOODWLRQVDUHORFDWHG
7KHPD[LPXPYDOXHRIWUDIILFIORZZLWKLQVXEGLVWULFWWHUULWRU\RIFLW\561FDQEHFDOFXODWHGE\WKHIRUPXOD
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ZKHUH ȱ LV DYHUDJH WUDIILFGLVWDQFHRI VLQJOHYHKLFOHW LVZLGWKRIRQH WUDIILF ODQHɊ LV UDWLREHWZHHQZLGWKVRI
VLGHZDON DQG WUDIILF ODQH ɋ LV WUDIILF ODQH FDSDFLW\ Sp LV DUHD QHFHVVDU\ IRU SDUNLQJ RI VLQJOH YHKLFOH Ȗ LV D
FRHIILFLHQW DFFRXQWLQJ IRU WKH SDUW RI YHKLFOHV ORFDWHG LQ SDUNLQJ DUHD LQ WRWDO TXDQWLW\ RI YHKLFOHV WDNLQJ SDUW LQ
WUDIILF
0RGHOOLQJRI URDGVWUHHWQHWZRUNRQ WKHEDVHRIJUDSK WKHRU\HQDEOHV WR VROYHDZKROH VHULHVRI WDVNV VXFKDV
FDOFXODWLRQ RI XQLW UDWHV RI URDG WUDIILF VXEVWDQWLDWLRQ RI URDG WUDIILF RUJDQL]DWLRQ SDWWHUQVZLWK UHGLVWULEXWLRQ RI
WUDIILF IORZVZLWKLQ561 DGGLQJ RI SHGHVWULDQ ]RQHV HYDOXDWLRQ RI JLYHQPHDVXUHV H[SHGLHQF\ DQG FUHDWLRQ RI
H[SHUWV\VWHPV
&RQFOXVLRQV
7KH HIIHFWLYHQHVV OHYHO RI URDG WUDIILFPDQDJHPHQW V\VWHP GHSHQGV RQ LWV VSHHG RI UHDFWLQJ WR FXUUHQW WUDIILF
VLWXDWLRQ LQ5616XFK V\VWHP VKRXOGEH UHOLDEOH DQG VHQVLWLYH WR DOO IDFWRUV FKDUDFWHUL]LQJ URDG WUDIILF VLWXDWLRQ
5HOLDELOLW\LVHVVHQWLDOUHTXLUHPHQWIRUVXFFHVVIXORSHUDWLRQRI561
7KH WUDIILFSUREOHPVROXWLRQ LV WR UHGLVWULEXWH WUDIILF IORZV LQVXFKPDQQHU WR LQVXUH IUHH WUDIILFDORQJZRUNLQJ
SDUWVRI561
$QDO\VLVRIDOOPHQWLRQHGDERYHIDFWRUVHQDEOHWRSURSRVHRSWLPL]DWLRQPHWKRGVRI561RSHUDWLRQLQFLWLHVRI
8NUDLQHE\LWVPRGHOOLQJRQWKHEDVHRIJUDSKWKHRU\
5HIHUHQFHV
6WHSDQFKXN2%LHOLDW\QVN\L$3\O\SHQNR23DUWLFXODULWLHVRI$XWRPDWHG7UDIILF&RQWURO6\VWHPVLQWKH&LWLHVRI8NUDLQHScience-
Future of Lithuania. Mokslas – Lietuvos ateitis±
ɅɭɤɚɧɢɧȼɇȻɭɫɥɚɟɜȺɉɌɪɨɮɢɦɟɧɤɨɘȼəɲɢɧɚɆȼȺɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɩɨɬɨɤɢ ɢ ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ-2 >0RWRU
WUDQVSRUWWUDIILFIORZVDQGHQYLURQPHQW@ɆɂɧɮɪɚɆɫ
ɊɟɣɰɟɧȿȺɄɚɞɞɚɯɏɆɨɞɟɥɢɪɨɜɚɧɢɟɬɪɚɧɫɩɨɪɬɧɵɯɩɨɬɨɤɨɜɜɝɨɪɨɞɚɯ0RGHOOLQJRIWUDIILFIORZVLQFLWLHVȻɟɡɩɟɤɚɞɨɪɨɠɧɶɨɝɨ
ɪɭɯɭɍɤɪɚʀɧɢɄɇȾɐȻȾɊ±
ɊɟɣɰɟɧȿɈɋɬɟɩɚɧɱɭɤɈȼɆɟɬɨɞɢɫɬɜɨɪɟɧɧɹɿɜɟɞɟɧɧɹɬɪɚɧɫɩɨɪɬɧɨɟɤɨɥɨɝɿɱɧɨɝɨɦɨɧɿɬɨɪɢɧɝɭɜɦɿɫɬɚɯɍɤɪɚʀɧɢ>0HWKRGVRI
GHYHORSPHQW DQG FDUU\LQJ RXW RI WUDIILFHFRORJLFDO PRQLWRULQJ LQ FLWLHV RI 8NUDLQH@Ɇɿɫɬɨɛɭɞɭɜɚɧɧɹ ɬɚ ɬɟɪɢɬɨɪɿɚɥɶɧɟ ɩɥɚɧɭɜɚɧɧɹ: 
ɇɚɭɤ.-ɬɟɯɧ. ɡɛɿɪɧɢɤ±ɄɄɇɍȻȺ±ȼɢɩ±
ɊɢɯɬɟɪɄɘɌɪɚɧɫɩɨɪɬɧɚɹ ɷɤɨɧɨɦɟɬɪɢɹ>7UDQVSRUWHFRQRPHWULFV@ɆɌɪɚɧɫɩɨɪɬɫ
ɋɬɟɩɚɧɱɭɤ Ɉ ȼ Ɋɟɣɰɟɧ ȯ Ɉ Ȼɽɥɹɬɢɧɫɶɤɢɣ Ⱥ Ɉ Ɇɨɞɟɥɸɜɚɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɨɬɨɤɿɜ ɧɚ ɜɭɥɢɱɧɨɞɨɪɨɠɧɿɣ ɦɟɪɟɠɿ ɦɿɫɬ
>0RGHOOLQJRIWUDIILFIORZVLQURDGVWUHHWQHWZRUNRIFLWLHV@Ⱥɜɬɨɲɥɹɯɨɜɢɤ ɍɤɪɚʀɧɢ: ɇɚɭɤ.-ɬɟɯɧ. ɠɭɪɧɚɥ±
